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COKPARISON OF THE UNDMRTER, POWER OF FElOSIVES

IN SKALL HAGES

XI. FURTHER tELOWINT OF TEST PROCEDURES

by

ThoVa& B. Heathcote
C. R. Niffenegger

A!MMlACT: Four explosives pressed to three densities and boostered
with truncated cones of pressed pentolite were used to continue a study
to determine opt=im density and boostering for underwater evaluation
of smal charges. The study shoved that HEX-1, PT/Al/Wa (55/40/5),
and ammonium perchlorate/TMr/Al (•5/20/35) gave a substantially greater
output at 85-90% Theoretical Maximum Density than previously obtained.
Pentolite charges pressed to three densities gave the same results as
cast charges; it Is recommended as a standard. The procedures used
here are recommended for small charges.
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COMPAIRISON OF THE U=DRWATER 2OWES OF EXPLOSIVES IN SMALL CH1ARGES.
XI. FURTHER DEVOPMEN OF TEST PROCEDURES

The work described in this report is part of the Naval Ordnance Laboatory's
continuing program of iuvestigation of the underwAter. perforpance of
explosive mixtures, under ORD Tarnk No. ORD-O33-211/O()2-i/FOO8-Ob-ll,
Work Unit c. This. study was made es a continuation of the .effort to
find a better charge preparation technique and a better boostering sys-
tem, so that inexpensive, rapid, small charge tests would assuredly give
the same output per unit weight as large charges.
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CC14PARISON OF TE UNDERWATER POWER OF EXPLOSIVES
IN SMMLL CAkR(CS

XI. FURTHER DEVELOPMENT O TEST PROCEMR

1. IRRODUCTION

Evaluation of the underwater explosive power of new compositions
usually starts with fiings of one-pound charges. In these initial tests,
measurements are made by diaphragm gages that provide a comparatLve meas-
ure of shock wave fnergy and bubble energy is found from bubble periods.
It Is essential that two conditions be carefully adhered to if such tests
are to provide meaningful data: (1) Primary and ccco-0(try standard
chc-es nust give a consistent output from shot to shot and from test
to test. (2) DIntiation of experimental composl~ioau should be adequate
to ensure that the steady-state reactio (detonation) occurs in the
entire charge. f

Frequent failure to achieve full underwater power was suggested by
an Inconsistent output observed for small HOX-1 charges used as secondary
standards over a mm )or of years (Ref. a)* and failure of some smell

charges to scale to large chre values (Ref. b). As a consequence,
methods designed to imlrove the reliability of the underwater tests were
recomended (Ref. b). These involved the use of pressed charges of
90-90% Theoretical Maximan Density and full. liameter conical boosters.
Tests were conducted to investiorte the effxts of these changes (Ref. c).
The "full potential performance was realiz td for HBx-i charges and for
an AP)TIAl mixture; however, the data wers not adequate to demonstrate
a charge size effect for the other mixture tested.

The work reported here wes done as a continuation of the work of
reference (c). First, the range of pressed charge densities was extended
down to 85% TMD to see if there might be an optimuo density for the insen-
sitive explosives tested. Second, sowe additional data for the charge
size effect study was obtained with 1-lb charges.

2. E3aTIDSIf.LW!AI

2.1 CKARGES
T cumpositions were used for this test as in reference (0).

Theywer pe tolt: PErNfI=l (50/50); HRX-l: RDX/TU'r/Alk/uaX
(1o/38/17•5),, T/Al/wax (55/0/5), aWAP*/*3/Al (45/20/35). Densities
of about 85, 90, and 95% theoretical mwdum density (9D) were fired
for each charge type.

SReferences are listed on pMge 6.
** aioniu perohlorate

i1
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Most of the charges were isontaticallv Drese~d by tm'rxnnm.1 nrW t.h,
Chemical Engineering Division at the Naval. Ordnance Laboratory. The
charges were right cylinders having length-to-diameter ratios of' from

-. ~ ~ ~ ~ ~ ~ ý -M -. .- ý. .... X~ A...j UIXL1 ýZUp IVUXQ VJ.L tCdUA

had 30 g and four had 100 gmn boosters consisting of truncated cones
of press ,d pentolite (Ref. c). Additionally, a limited' number or charges
had inset cylindrical boosters and a few charges were cast for comparison
with previous results. The pressed charges and boosters were waterproofed
with a light layer of acrylic spray enamel.

All of the materials for ench copasition were mixed at one time to
achieve uniformity from charge to charge. Most of the charges weirhed
45 gin including the pentolite boosters. Pertinent charge data-are
recorded in Table 1.

Pentotite, PTJ/Tm1' (jO!50). In reference (c), four weights of cast
pentelite charges were used as the primary standards. Pressed pectolite
charges whose densities were between 935 and 96•, SID gave underwater
power the sane a3 that for the cast charges; i.e., showing that there
was no initiation problem with cast pentolite. 3ince it appears that
other explosives Way require lower. densities than '95% 1,24D to produce
full underwater power, pressed pentolite charges with denpities of 035
and 90% TMD were fired on these tests. Four weights (227, 300, 454; and
600 gm) of pressed yentolite charges of 95% TMD were used as the primary
standards. One weight of vacuum cast charges was also fired for compari-
son with previous results.

TLBjRX /a A3 The 2ýesults of reference (c
indicated that the apparent chronological decline in the shock wave energy
of HBX-I (Ref. a) was the result of poor initiation and-not a decline in
the underwater power of HBX-i. Additional tests of charges with lower
densities were reuired to determine this conclusively. Charges were
pressed to 65, 90, 95, and 98 percent TMD and boostered with conical
pressed pentolite boosters. Four additional charges were pressed to
98% TMD; 30 gm and 100 gm cast cylindrical bousters were used on these
charges. Pressed conical boosters of 30 and .00 gm were also used to
booster 4 cast charges of HBX-I.'

•.lTAl/Wax (55/40/5). .Pr-evious underwater experiwents with this
difficult-to-initiate composition had shown both a booster, size effect
and failure of 1-lb charges to scale -to charges of larger size. In
reference (c), it is shown that analogous resuilts were obtained for the
30 and 100 gm boosters, if the boosters were truncated cones of pressed
pentolite. However, the -shock puwer remained significantly less than
that expected from adequately boostered, larger charges. By including
charges pressed to b5, 90, and 95 percent TMD (and Lwith conics! boosters),
it was hoped that we could determine whether the charges had been
inadequately boostered or if this mixture showed a charge- size effect.

2"
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•P/T/AI (45/20/32). Underwater explosion data obtained in the
post for cyllndricaly boostered 1-lb cast charges of this high•y alumi-
nized mixture revealed what was thought to be a charge size effect (Ref. b).
Test results reported in reference (c) show that conicailky boostered

improved to the extent that the existence of a charge size effect was
doubtful. It is believed that inadequate initiation was responsible
for failure of 1-lb charges to scale to large charge values. Additional
chargeo were fired in the recent program to increase confidence in the
results of reference (c). The charges were pressed to 85, 90, and 95
percent THD and utilized pressed conical boosters. (It should be noted
that Ni26 ammnium perchlorate (average particle size less than 4 5 mictMn)
-ias used in charges for these tests. For charges fired earlier (Ref. c),
APM119 (200 micron average size) was used.

2.2 MIBMW AND TELI PHWMMU~.
Four charges of each type were fired. Af.1 charges were initiated

with.U. S. Arn Engineers Special Electric detonmtors.

Four diaphragm gages were use w , each shot to *tain "relativo -hek
wave energies." (WDd'S). The charges were suspended centrally in an 8-ft
diameter steel rifn vith the charge and ""e oriaeAation ubeiv ideatical
to that described in reference (d). Tvo 1/2-in diameter piezoelectric
gages were used to obtain bubble periods from &ich relative bubble
energies ([3) were calculated. A probe similar to on reputed in
reference (e. was used to usr'e the size of the gas babbles produced
by the explosions. The results. w," whese nesaueinents are reprted in
Appendix A. The shots were fired from the NOL barge at a 9-ft depth in
from 18 to 25 ft of vater.

3. FUZSU AND IMSC•BSIO

The relative shock wave and bubble energies were compited from the
experimental data on the XE( 7090. All valmes were obtained relative to
pressed pentolite (95% TDM), as cutlined in reference (d). Values are
shoam, on an equal weigbt basis, in Table I.

Pentolite (harges. Table I shows the results of the tes~t with cast
and Pressed pentolite. The I'a for the pressed charges varied from
0.98 to 1.00; the RBn's vane dfrm 0.99 to ..01. The VDd fOr the cast
pentolite relative to the pressed standard was 0.99; the RHE was LMO.
These sull differences are not statisticaL2r significant.' Roce, there
is no substantial chadge in pentolite output for charges pressed to
densities over a range most Utkely to be of practical interest in future
work and no significant difference. between pressed and east pentolite
charges.

As discussed in reference (c), pressed mixtures are necamaded for
tvo reasons: (1) pressed charges can be reproduced mae rali.bLy than
cast, and (2) pressed charges have the advantage of grester wock
sensitivity than cast.

3
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HBX-I. The results for the RBX-1 charges are also shown in Table 1.
w's and RE's for charges pressed to 85 and 90%_T)D are in good aee-
ment Vwi Thne hligeul exi.usigi Valueu iur i5Ai . (RCE. Z ,;.

The results for the pressed charges with conical boosters are shown
in Figure 1 along with the rzl.uLes for pressed charges with cylindrical
boosters given in Table I and reference (c). It is apparent that the
charges with conical boosters gave consistently greater output than those
with cylindrical boosters.

The WDd's for 85 and 90% DMO are equal, but the RE's still ohow a
sligtt increase with decreasing density. Charges with smaller d.tnsities
(80% and 75% MMD) should be fired to determine if this apparent trend is
real.

Analyses of all existing HBX-I data indicate that inadequate initiation
has been the reason for the low values for HBX-I and that the full under-
water power can be obtained by the use of higher porosity (85 to 90% TMD)
acceptors boostered with conical pressed pentolite boosters. The best
values of WDa and REE for HEX-i are 1.15 ind 1.48, respectively.

! 14L~L Q .1Im2) In Table I ad Figure 2 for a hare
density o~f a 9 7 . il duplicate those in ref-rence (c).
There Is considerable scatter among the RSE's for the charges pressed
at 95% T3W. The large variations in the W 'a and partcularly the RM
indicate that this mixture is very difficult to initiate even in pressed
charges.

Values of W and REE for large -charges of this mixtire vere estizmted
to be 0.65 and i-8 respectively. The WDd for the 85% THD charges van
0.72 *iich is slightly ab<oe the estimated value. The BE for the 85%
TD charges Is significantly greater than that for the 9% TO charges,
but even so does aft reach the estimted value of 1.98. The vAlues obtained
fbr this mixture Indicate that it is a very difficult vixtuxe to initiate
so there is probably no real charge size effect. Additional charges at
80% and 7T MD, and posalblY smaer values, should be tested to deter-
mine tether the large charge values can be duplicated.

AP A lWVA 4IL2013) The WDd's and RME's showr in Table I amVt 7"gure
3 show no density effftt for the pressed chuxges with conical boosters
over the range of densities studied. There are no slnificant differences
among the six values obtained on the present tests for either WDd or RM.

The Wd's obtained on these tests are higher than any observed
previomslyfor Z, 10, 30, or 50-lb charges of t&i mixture (Ref. c).
However, the RE's for the same charges are som.szat lower than those
obtained in references (c) and (g). The particle size of the AP In the
present series vas less than 45 miaros, much maller than that used
previously (200 microns). This change appears to bav- affected the shock
sensitivity of thia mixture and also resulted in a change in the energy
partition.

II"'



4. fSUM Y AND CONCTU.IONW

I, 1. .-cas• pento.Lite and pentolite pressed to 84 and 90% TM4D showed
no significant differences in iDd or RBE.

2. HBX-1 pressed to 85 or 90% TMD boostered with pressed conical pento-
lite boosters gave WDd's and RBE's equal to the highest values previously
obtained for I-lb charges. Charges pressed to 'TM4D 2 95% gave lover values.

3. Pressed charges of XIBX-1 vith conical pressed pntolite boosters gave
a greater output than with cylindrical pressed pentolite boosters.

4. The more porous (85% TMD) I-1b charges of TNT/Al/Wax vith conical
pressed pentolite boosters gave Wnd's in agreement with the values pre-
dicted from large charge results for this mixture. The RBE's, although
still considerably lower than estimated for the large cheages, mere much
higher than those obtained on previous 1-1b tests. Figure 2 shows that
RE, has not reAched a maxiamm value; WDd has, or nearly bh.

5. vDd's a"d RAU, Io were Independent of porosity (for TM between 84 and
94%) for the AP/IT/Al mixture tested. Nowever, there were significant
differences between the values reported herein for charges with fine
(< 45 micron) AP compared with the coarser (200 micron) AP used previously.

1. The first three t.3or rocoe~dations outlined in reference (c) for
changing the test procedure for 1-lb charges should be adopted Vhenever
possible. These are: (a) Ves pressed pentolite as. the prinaly standard,
(b) "Use pressed peftolite trzncsted conical boosters, (c) "When possible,
in testing new rteri~le, ue] •ressed test charges at two porosities
(e.g., 85% and 90% TO4) and exmile results for a porosity effect in
analog to the vay 30 g and 100 S boosters are used to detect a booster
effect."

2. Condlet tests on effect of density at 80% M and less for MLY-1 and

3. Fire 10-lb (or larger) diarges of MX-i and TWJ/Al/Waz for comparison
with the l-lb results.

4. Conduct tests on effaoct of particle siz*e on sonium perchlorcte
charges.

fhe authors v1sh to &cknu ledge the contilued Interest shown, =W
helpful onggestions wde, and the review Of this report dowe by ir. Donno
Price of this laboratory.



REM•ENCFS

u. T. B. Heathcote, "Co•parisons of the Underwater Power of F,•xlosive.s in

Small Charges: VIII. A Study of Factors Affecting the Power'of
103X-1 (U)", NOLTR 62-13, L Jan 1962, Confidential.

b. "Program Suggestions for Underwater Evaluation of E.xplosives in Small
Charge Sizes (Report of XC Ad Hoc Comitttee) (U)", NOL Internal Report
Tx 6566, 21 Oct, 164, CongC.dential.

c. D. Price, C. R. Niffenegger and T. B. Heathcote, "Comparison of the
Underwater Power of Explosives in Small Charges: X. Developmrent of
Improved Test Procedures (tU)", NOwnR 66-73, 1 Tun 1966.

d. C. R. Niffeneggar, "Comparison of the Underwater Power of Explosives
in Small Charges (U)", NAVORD Report 2922, 1 Jul 1953, Confidential,

e. D. E. Phillips and B. W. Scott, "Development of Probes for Measuring
the Maximum Radius 0± Uaderwvater Explosion Bubbies", NOmlR 65-176,
2 Oct 1965.

f. C. R. Niffeneg•cr and E. Swift, Jr., "Comarisons of the Underwater
Power of Fxplosives in the RDX/TN2/Aluminwr System Using Small Charges
(U), NAVORD Report 2105, 2.5 Jun 1951, Confidential. ,

E Ermine A. Christian and C. R. Niffenegger, "Underwater Performance
of Explosives Containing Arnonium Perchlrate, V. Review of Available
Data (U)', NAVORD Report 3897, 1 Feb 1955, Confidential.

b. Norma 0. Hollaau, "Explosives-Effects and Properties (u)", NOviL 65-21u,
In Preparation, Confidential.

ili1

6••.



2 0 qr A r4 A

4- 0 OH 8

FAA

%0- *l *o *o H

$44

0 r0

a) I 1~ I a

646U



0 0 00 0 0i

14 A d 1 A d 16 I

10 0

UN'

0

I : I~ I. I al

cocu t- t - cu N c

0 4

'0 '
'4% 47)

1~ .NI~&M



No~rm 67-17

P4 c.- N- f-i N ~ \J ~ U
4 H4 H fv Nu Nu .4 Vu

0 0 0 H4 rH H4 H- H4

2 0 UH n (Y" H

4 4.

44.

o0. wA AA L

41 0 * * .A . . N
H H -C-- Hf vI -P4

Al~ ~~c __________



NOLTR 67-17

1.2

0 x-x xO...

1.0

0.9-

0.8

1.6

1.5 0

A2A

1.2

1.1 -1.
\A

1.0 II
80 85 90 95 100

% fMD

CHARGE PREPARATION " .

X PRESSED; 30pm CONICAL BOOSTER; THIS REPORT
, PRESSED; 30gm CONICAL BOOSTER; REF (C)

0 PRESSED; 100gm CONICAL BOOSTER; THIS REPORT
V PRESSED; 100gm CONICAL BOOS.TER- REF (C)
* PRESSED; CYLINDRICAL BOOSTER; THIS REPORT
A PRESSED; CYLINDRICAL BOOSTER; REF (C)
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OF SMALL HBX-1 CYLINDERS
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APPENDIX A

MEASUR5W1E2 OF MAXIM BUBMX RADIUS

A .1 BACEGROUMi)
For many years the ratio of the cube of the bubble period coefficients

(K) has been used as a measure of the relative bubble energies (RBE) of
two explosives. H. G. Snay of this Laboratory has pointed out on several
Occasions that the relative bubble energy for highly aluminized mixtures
should be determined from the cube of the maximum bubble radius coefficient
(J) in place of the bubble period coefficient. Ratios of j 3 (for highly
aluminized mixtures relative to pentolite) are expected to be somewhat
smaller than K3 for the same mixtures.

One attempt to build and use a bubble probe for the measurement of
the maxiimu bubble radius was successful in 1957. However, the probe
could not be used conveniently on a mass production program such as the
1-lb diaphragm gage tests.

Probes for measuring the maximum radius of the explosion bubble were
developed by Phillips and Scott (Ref. e). On the tests reported in the
main body of this report, one of their bubble probes was used successfully
on this 1-lb firing program; i.e., a mass production test. The results
obtained are given in this Appendix.

A.*2 EMPBD4EN!fAL TECHNIQU.E AND RECORD ANALYSIS
For these tests, a teflon separated probe -was rigidly mounted about

27 inches from the center of the charge. The output of the probe was
fed through cable to an oscilloscope. The vertical and horizontal sweep
of the spot were recorded on a Polaroid Land catuera (Ref. e).

The maximum bubble radii, A,• and the bubble periods were read
directly from the Polaroid prin s . Values of these measurements are

SListed in Table A-I along with the pertinent shot data for each shot.
Bubble radius coefficients (J) and bubble period coefficients (K) were
calculated by the method outlined in reference (d). Values of the radius

* coefficient, the period coefficient, ratios of J/K and RBEEs (determined
for both j3 and V3) are shown in Table A-2. The bubble period coefficients
are the same values used in the main body of the report to calculate the
RRE's. The RBE's are also shown in Figure A-1.

A-.3 BUBBLE PERIOD AND RADIUS COEFICIEMV
Te--radius coefficlents for the four weights of penrtolite pressed

to 95% TM) show a gradual decrease from a value of 13.1 for the 0.5-1b
ch•'Se to a value of 12.2 for the 1.32-lb charge. The value of 12.6 for

i periods recorded on rotating drum cameras gave essentially the
sae values as those recorded on the Polaroid Land cameras.

A-1
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the 1.0-lb charge Is the same as that generally accepted (Ref. h). The
values for the charges pressed to 65 and 9Ot TM]D and for the cast pento-
lite charges are in good agreement with that for the 1.0-lb charge pressed
to 95% WD.

The period coefficients are essentially the same for all of the
pentolite charges. The ratio of J/K for the pentolite charges vary from
2.76 to 2.94. These values are in good agreement with previous results.

The ratio of J/K (2.72 to 2.80) for the HBX-I charges is slightly
less than that for pentolite. The values of J obtained hereln are
slightly lower than the accepted value of 14.4. The ratios of J/K for
the TIC/Al/Wax mixtures are nearly the same as those for HEX-I; the
values for the AP/TNT/Al mixture are much lower than those for the other
explosives.

A.4 RElATIVE 4UiBLE ENERGIES
Ratios of V. and K-3 (relative to pentolite) are shown in Figurte A.-

as a function of % TMD. The j3 are generally swaller than the K(3; for
HBX-I and TNT/AI/Wax, the differences between J3 and KV become larger
with decreasing density; i.e., the charges -hich detonated high order,
give larger differences between fME's determined by the radius and period
constants. In general, lower values fur J- were predicted; however, the
large difference for AP/TyW/A1 is much greater than expected.

A-2
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TABLE A-1

BUBBLEi PERIODS AND M.X3MUM BUBB1M RADII
(All shots fired at 9-ft depth)

Explosive Shot Total Booster Water Bubble Bubble
No. 111D Chg. Wt. Wt. Depth Period Radius

.(LBS) (LMS (FT) (sEc) (T)

Pentolite O-334 95500 -- 14•5 .
-34o8 95 0.500 -- 26.0 o.142 2.97
-3416 95 0.500 -- 26.o o.142 3.0
-3476 95 0.500 -- 26.5 0.145 2.99

Pentolite B-3392 95 o.661 -- 26.0 0.158 3.28
-3426 95 0.661 -- 19.0 0.154 3.23
-3452 95 o.66i -- 26.o 0.158 3.25
-3484 95 o.661 -- 25.5 O.15b 3.28

Pentolite B-3377 95 1.00 ...-- --
-3436 95 1.00 -- 19.0 0.175 3.57
-3460 95 1.00 -- 26.0 0.178 3.63
-3501 95 1.00 -- 25.75 0.178 3.68

Pentolite B-34oo 95 1.32 -- 25.0 0.191 3.82
-3444 95 1.32 -- 20.0 0.191 3.88
-3466 95 1.32 -- 26.0 0.193 3.8b
-3493 95 1.32 -- 05.0 0.192 3.b9

Pentolite B-3381 90.2 1.00 -- 14.5 -- --
-3411 90.2 1.00 -- 26.0 0.176 3.,d
-3448 90.2 1.00 -- O.o0 .177 3.5
-3479 90.2 1.00 -- 26.0 0.177 3.59

Pentolite B-3382 84.2 1.00 -- 14.5 -- --
-34312 84.2 1.00 -- 26.o 0.176 3.57
-3449 84.2 1.00 -- 20.0 0.178 3.53
-3480 64.2 1.00 -- 26.0 0.178 3.62

Pentolite B-3383 98.6 1.00 -- 14.5 -- 3.44
(cast) -3413 96.6 1.00 -- 26.0 0.LT(1 3.61

-3450 98.6 1.00 -- 20.0 o.176 3.56
-3NJl 98.6 1.oo -- 25.75 0. 178 3.62

HBX-1 B-3393 97.4 1.00 0.066 26.0 0.189 3.75
(cylindrical -3430 97.4 1.00 0.066 19.0 o.184 3.69
booster) -346). 97.4 1.00 0.066 25.0 0.189 3.75

-3491 97.4 1.00 o.o66 25.0 0.187 3.73
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TABLE A-1 (continued)

BUBBLE PEMIOL AND MAXIMUM BUBBLE RADII

Explosive Shot Total Booster Water Babble Bubble
No. TMD Chg. 1h. Wt. Depth Period Radius(L S L S ( T (s1E C)

HBX-L B-3394 97.4 1.00 0.220 26.0 0.186 3.71
(cylindrical -3431 97.4 1.00 0.220 19.0 0.184 3.57
booster) -3462 97.4 1.00 0.220 25.0 -- 3U

-3492 97.4 1.00 0.220 25.0 u.±66 --

RBX-i B-3378 9' .7 1.00 0.066 14.5 0.191 3.74
-3414 97.7 1.00 0.066 26.0 0.184 3.75
-3451 97.7 1.00 0.066 26.0 0.189 3.84
-3482 97.7 1.00 O.066 25.75 0.187 3.80

MEX-I B-3385 97.7 1.00 O.220O 14.5 0.188 3.68
-34-15 97.7 1.00 0.220 26.0 0.193 3.86
-3453 97.7 1.00 0.220 26.0 0.191 3.88
-3483 97.7 1.00 0.220 25.5 0.193 3.95

HBX-1 B-3386 95.8 1.00 0.066 14.5 0.194 3.73
-3423 95.8 1.00 0.066 19.0 0.195 3.93
-3454 95.8 1.00 0.066 26.0 0.199 4.oo
-3485 95.8 1.00 m.o66 25.25 0.200 4.oL

HBX-i B-3387 95.8 1.00 0.220 14.0 --. ..
-34.?4 95.8 1.00 0.220 19.0 0.192 3.78
-3455 95.8 1.00 0.220 26.0 0.194 3.90
-3486 95.8 1.00 0.220 25.25 0.195 3.91

HBX-i. B-3388 90.3 1.00 o.o66 14.o 0.192 3-79
-3425 90.3 1.00 0.066 19.0 0.195 3.88
-3456 90.3 1.00 0.066 26.0 0.200 4.03
-3487 90.3 1.00 0.066 25.0 0.200 3-99

XBX-i B-3389 90.3 1.00 o.220 14.0 0.193 3.79
-3427 90.3 1.00 0.220 19.0 0.189 3.83
-3457 90.3 1.00 0.220 26.0 0.195 3.91
-3W8 90.3 1.00 0.220 25.0 0.197 3.91

IIBX-I. B-3390 85.2 1.00 0.066 14.o 0.190 3.73
-3•28 85.2 1.00 0.066 19.o o.196 3.88
-3458 85.2 1.00 0.066 26.0 0.201 3.99
-34089 85.2 1.00 0.066 25.0 0.201 3.98

B HEX- 13-3391 85.2 1.00 O.2.0 14.0 0.190 3.76
-3429 85.2 1.00 0.220 19.0 0.193 3.,81
-3459 65.2 1.00 0.220 26.0 0.197 3.91
-2490 85.2 1.00 0.220 25.0 o.196 3.90
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TABUE A-1 (continued)

BD=J& FPBI0IW AND MAXIM4 B1BBL RADII

Explosive shot % Total Booster' Water Bubble Bubble i

(Cmr U) (sw) (PT)
m•x-1 B-3395 97-7 1-00 o.o66 2>6.o 0-198 3.93
(cast) -3432 97.7 1.00 o.o66 i.o 0-198 3.90

-346• 3 97.7 1.00o0.o66 25.o 0.2M 3.99
-34)0 97.7 1-00 m~66 25.0 0.201 3.97

HU-1 D-339 97.7 1.00 0.220 A 0 0. 3:8960
(cast) -3433 97,7 1.00 0.220 19.0 0,196 3.8

-349t 97.7 1.00 0.220 26.0 -0.195 3.90.
-3495 97.7 1.00 0.220 25.0 0.196 3.88

55140/5 -3397 95.2 1.0o 0.066 2•5.5 0.154 3.29
-3343 95.2 1.00 0.066 19.0 0.163 3.25
-3465 952 1.00 o.o66 26.0 0.162 3.22

TOIAIAi B-3398 95.2 1.00 0.220 25.5 0.166 3.43
5 0 -3356 95.2 1.00 0.220 26.0 o.172 3.-2

TUXYU -339 895.8 1.00 0.260 25.0 0.1972 3-27-3396 959.8 1.00 0.220 25.0 0.172 3.88>

T•T/AI/W= B-3399 89.8 1.00 0.066 25.0 0.19 9 3.-81
55/405•:3-37 89.8 1.00 0.066 19.0 §.N 3i883-6 ag.8 1.00 o.o66 26.0 0: 3-99

-34,W G9.8 1.00 o.o66 26.o o.2o4 4.oB _

TW/AJ/WVax B-3401 89.8 1.00 0.220 25.0 0.200 3"8l
55[/05 :3438 89.8 1.00 0.220 19.0 0.194 3.78

-3169 89.8 1.00 0.220 26.0 0.201 3.86
-3098 89.8 1.00 0.220 26.0 0.199 3.98,

TM]/A1/Wax B-34o2 85.1 1.00 0.066 25.0 0.206 4.o02
55/40/5 -3439 85.1 1.00 o.o66 19.o 0.205 4.02

S-31470 85.1 1.00 o.o66 26.0 0.2w 34.08
-3499 85.1 1.00 0.066 25.75 0.209 4.13

¶W2TIA11Wex B-3403 85.1 1.00 0.220 25.5 0.203 3.93
55/040/5 -33o 85.. 100 0.220 19.0 0.201 3.9--

-3.471 85.1 1.00 0.220 26.0 0.206 3.98

-3500 85.1 1.00 0.220 25.75 0.203 '4.02
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TABLE A-I (continued)

BUBBLE PERIOD6 AND MAX3)gI4 BUBBLE' RADII

Explosive Shot % Total Booster Water Bubble Bubble
No. TMD Chg. Wt. Wt. Depth Period Radius

(U3) (IMs) (p1) (SEC) (PT)

AP/TrI'/A B- 3 360 92.3 1.00 0.066 14.5 0.216 3.t63
45/20/35 -3404 92-.3 1.0 0.066 25.5 0.222 4.07

-3441 92.3 1.00 o.o66 19.o 0.220 4,o0.
-3472 92.3 1.00 m.066 26.0 0.224 4-05

AP/TNT/A1 B-3405 92.3 1.00 0.220 25.5 0-215 3.95
45/20/35 -3442 92.3 1.00 0.220 2o.o 0.215 3.93

-3473 92.3 1.00 0.220 27.0 0.216 4.12

AP/TNT/A1 B-3406 90.9 1.00 0.066 26.0 0.221 4.03
45/20/35 -3443 90.9 1.00 o.o66 20.0 0.222 4.0o

-3474 90.9 1.00 o.o66 26.75 0.22.3 .4.16
-35012 90.9 1.00. o.o66 25.5 o.224 4.2o 0

AP/TNT/Al B-3407 90.9 1.00 0.220 26.0 0.216 3.98
45/20/35 -3445 90.9 1.00 0.220 20.0 0.214 3.92

-3475 90.9 1.00 O.22O e6.5 0.217 4.0b

APi/ATVAl B-3409 84.2 1.0o0 . 066 26.0 0.223 4.06 V
45/20/35 -3446 84.2 1.00 0.066 26.0 0.222 3.96
AP/TNM/Al B-3410 84.2 1.00 0.220 26.0 0.216 3.98

45/20/35 -3447 84.2 1.00 0,220 20,0 0.215 3.90-3478 84.2 1.00 0.220 26.o O, .a8 4.08
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